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Public transportation agencies and providers increasingly 
move to payment, reservation, information, trip-planning 
and last/first-mile connectivity systems which require 
travelers to have access to private internet, smartphone 
and banking/credit services.
What steps can be taken to ensure universal access to 
these innovations? 
What are the costs and benefits of those steps?
A multi-agency funded project: 
City of Eugene, OR 
City of Gresham, OR 
Lane Transit District (Eugene, OR) 
Clevor Consulting Group, Portland, OR 
RTD Denver 
National Institute for Transportation and Communities (NITC) 
at Portland State University
Motivation
• Payment technologies in a variety of contexts are rapidly evolving
• Many public transit agencies plan to adopt these new “automated 
payment” technologies over the coming decade
• Will likely smooth operations, improve convenience and data 
collection
• What about those who cannot adopt these new payment 
technologies?
Background - Existing disparities in access 
to automated payment “ecosystem”
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Existing Research – Banking Divide
FDIC (2018), Brakewood and Kocur (2013)
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s Younger more likely than average 
to let service lapse
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households about 
twice as likely as 
average to let service 
lapse
African Americans and Hispanics 
are around twice as likely as
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African Americans lower, and 
Asian higher, than average
FDIC: 72.6% have 
home internet access 
Pew: 90% have 
“broadband”
Existing Research – Digital Divide
FDIC (2018), Pew (2015)
Overall project research questions
1. What is the prevalence and types of automated fare payment systems in 
the U.S.? 
2. How do the automated payment systems impact/exclude different riders?
• Demographics: Different ages, incomes, race/ethnicity, etc.
• Geography: Live or work in neighborhoods underserved by transit or other amenities
• Technology: Do not own smartphones or have readily available internet access
• Banking: Are under- or un-banked
• Other.. (e.g. language, technological proficiency)
3. What mitigation strategies have agencies adopted? 
4. How cost effective are they – from an agency and rider point of view?
Overall project research questions
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the U.S.? 
2. How do the automated payment systems impact/exclude different riders?
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• Geography: Live or work in neighborhoods underserved by transit or other amenities
• Technology: Do not own smartphones or have readily available internet access
• Banking: Are under- or un-banked
• Other.. (e.g. language, technological proficiency)
3. What mitigation strategies have agencies adopted? 
4. How cost effective are they – from an agency and rider point of view?
Parts 1 and 2: Potential for rider exclusion -
data collection methods
• Portland, Denver and Eugene case studies
• Two focus groups in East Portland and one in Eugene
• Larger sample surveys in the three cities
Case cities








Urbanized Area Population 247,421 2,374,203 1,849,898
Service district population 302,200 2,920,000 1,551,531
Annual Boardings (Unlinked) (M/year) 10.7 104.8 97
Vehicles Operated in Max Service Bus-89, BRT-18 Bus-1043, LRT-172 Bus-670, LRT-145
Resulting information
• Rider access to financial, digital, smartphone and automated 
payment resources
• Comfort with internet, smartphone and automated payment 
systems
• Demographics
• Age, language, income, race/ethnicity, gender
• Frequency of use of transit
• City specific issues
Overall conclusions
• Transit riders are similarly resourced to the general population 
• Still, significant barriers exist for many riders to transition to emerging payment systems
• A significant number (~30%) still rely heavily on paying cash-on-board buses
• Most appeared able to switch to other cash and non-cash options
• A significant number will continue with cash
• Overall, smartphone ownership is high (over 85%) for all groups other than Boomers
• A small but significant number (~20%) are concerned about reaching data limits
• A significant number (~30%) depend solely on public Wi-Fi for Internet connectivity
• A small but significant number (~7%) have no access to formal banking services
• There is general unease storing credit information in websites or smartphones
• Modeling revealed that access to credit cards and comfort using automated payment 
systems predicted lower reliance on cash-on-board payment
• There are some important and troubling disparities: 
• Low income respondents had a lower access to smartphones, Internet, and banking.
• Older respondents had significantly lower access to smartphones and Internet connectivity
• Some of these disparities differed slightly from city to city
Part 3: National scan of agency practice 
regarding transition to reducing cash 
acceptance
1. In what ways has your agency modernized fare payment and technology systems 
in the past 5 years? Are you transitioning to “cashless” fare payment systems? Over what 
time frame are any transitions occurring?  
2. How has your agency evaluated the equity implications (perhaps through a Title VI 
analysis) of modernized fare payment and technology systems?
3. What policies, programs, or projects has your agency deployed to mitigate the 
impacts of automated payment fare systems on customers that live or work in transit 
deficient areas (e.g. far from ticket vending machines); un- or under-banked customers; 
customers without readily available internet access; customers who do not own 
smartphones or have low technological literacy; customers with limited English 
proficiency; and others potentially excluded from automated payment fare systems? 
4. What are the costs associated with your agency’s equity mitigation strategies? 
5. What else about your riders would you want to know to better understand these 
issues?
Part 3: National scan of agency practice 
regarding transition to reducing cash 
acceptance
• Received only 10 responses – so not a robust quantitative analysis 
of options
• The most common was offering options for cash payment/loading 
at retail or agency/partner offices
• We added two other variations: retaining cash acceptance (only 
validation, no change) in fareboxes and full cash acceptance in 
Ticket vending machines (TVMs)
Part 4: Create spreadsheet model to compare the 
costs and benefits of five fare payment system 
scenarios
• Base (No cash anywhere)
• Scenario 1 (No cash anywhere, adds retail network)
• Scenario 2 (Cash on board, not at TVMs, no retail)
• Scenario 3 (Cash only at TVMs, no retail)
• Scenario 4 (Cash accepted everywhere)
Basic model structure - Quantitative
• Case parameters
• Number of fareboxes, TVMs
• Fare revenues, ridership
• Share of riders excluded/included with each fare system scenario
• Unit costs (high/low)
• TVMs, fareboxes
• Maintenance and capital replacement
• Smart card issuance, replacement, etc.
• Cash handling
• Various contingencies
• Model develops a 10-year total of operating costs and revenues
Basic model structure - Qualitative
• Overall barriers to use on Lichert scale
• Personal costs
• Spatial access to fare payment, loading, etc.
• Technological literacy/connectivity





• Model creates an equity “score” for each scenario

Low High Notes
One Time Capital Investment Associated with Fare Collection
Fareboxes`` Types
Full  service``` $7,000.00 $10,000.00 Validating cash (no change) + smart card validator
no cash``` $2,000.00 $2,500.00 Validator, higher costs include PCI
Farebox installation costs* 3% 10% Fraction of Farebox costs
Ticket Vending Machines``
Full  service $65,000.00 $75,000.00
no cash $25,000.00 $50,000.00
Ticket Vending Machines Installation costs* 3% 10% Fraction of Ticket Vending Machines costs
The Purchase of Fare Media*
Magnetic or Capacitive Cards $0.04 $0.25
Contact Cards $0.75 $1.50
Smart Card Application Software** $100,000.00 $250,000.00
Support services (training, documentation, revenue testing, and warranties)* 10% 20%
Nonrecurring Engineering & Software Costs* 10% 20% Fraction of fareboxes and ticket vending machine costs
Initial Marketing and Education* $300,000.00 $2,000,000.00
Data Processing Software and Hardware* $35,000.00 $55,000.00
Website development****** $200,000 $750,000
Targeted Customer outreach******* $300,000 $400,000
System testing****** 7.5% 15% Fraction of one time capital investment
Contingency Costs* 10% 15% Fraction of one time capital investment
Annual Costs Associated with Fare Collection
Annual Maintenance Costs 5% 6% Fraction of initial capital equiptment (fareboxes and TVMs) costs.
Annual Replacement of Fareboxs**** (White cells copied from cells above)
Full  service $7,000.00 $10,000.00 Validating cash (no change) + smart card validator
no cash $2,000.00 $2,500.00 Validator, higher costs include PCI
Farebox installation costs* 3% 10% Fraction of Farebox costs
Annual Replacement of Ticket Vending Machine****
Full  service $65,000.00 $75,000.00
no cash $25,000.00 $50,000.00
Ticket Vending Machines Installation costs* 3% 10% Fraction of Ticket Vending Machines costs
Contingency Costs* 10% 15% Fraction of one time capital investment
Cash Revenue handling costs* 5% 6% Fraction of Total cash revenue
Retail Agency Costs`` 5% 10%
Fraction of Retail cash revenue. Higher range includes more risk exposure 
in contract (covering for returns, fraud, etc.)
`` Source: conversation with the director of Business Development at Scheidt & Bachmann
``` Full  service: The Ticket machines and fareboxs accept cash, credit, debit, and so on.
``` no cash: The Ticket machines and fareboxs accept credit, debit, and so on but does not accept cash.
* Source: Fleishman et al (2003) - Appendix C (Estimation of Fare System Costs), When estimating the cost for a project, product or other item or investment, there is always uncertainty as to the precise content of all  items in the estimate, how work will  be performed, what work conditions will  be l ike when the project is executed and so on. These uncertainties are risks to the project. Some refer to these risks as "known-unknowns" because the estimator is aware of them, and based on past experience, can even estimate their probable costs. The estimated costs of the known-unknowns is referred to by cost estimators as cost contingency. Contingency "refers to costs that will  probably occur based on past experience, but with some uncertainty regarding the amount.
** The cost of application software for the smart card readers is estimated at $100,000 for the overall  regional system.
*** Source: Cache Valley Transit District, 10 Fare Analysis,
**** It is assumed that 5% of fareboxs and ticket vending machines would need to be replaced each year
***** Trimet Annual Performance Report
*****Source: Metropolitan Transit System (MTS) Fare Collection Whitepaper, San Deigo (2016) Metropolitan Transit System
****** Source: Cashless Fare Collection Business Plan, King Country (2013), IBI Group
******* Source: Regional Fare Policy and Fare Allocation, Innovations in Fare Equipment and Data Collection (2010), Center for Urban Transportation Reserch, University of South Florida
 ̂It is assumed that 55% of the full  fare would be collected because of discounted fares, pre-paid passes, etc. This percentage is within the industry norm for a small-sized system.
Unit Price
Unit Costs
Case Parameters – Portland-Gresham example
Bus Light Rail/BRT Heavy Rail Streetcar Total
Bus MAX WES Streetcar
Annual ridership (trip origins) in 2019 43,515,600 30,963,600 244,812 2,620,581 77,344,593
The total number of vehicles in 2018 680 145 6 17 848
Number of fareboxes per vehicle 1.0 0.0 0.0 2.0
The total number of fareboxes 680 0 0 34 714
The total number of stops or stations in 
2019 9208 96 5 71 9380
Number of ticket vending machines per 
stop or station 0.002 2.1 2.0 0.0
The total number of ticket vending 
machines 18 202 10 0 230
Passenger Revenue in 2019 $59,620,126 $45,634,076 $303,195 $3,590,422 $109,147,819







Base No No No
Scenario 1 (No cash anywhere, adds retail 
network)
Yes No No
Scenario 2 (Cash on board, not at TVMs, no 
retail)
No Yes No
Scenario 3 (Cash only at TVMs, no retail) No No Yes
Scenario 4 (Cash accepted everywhere) Yes Yes Yes
Scenario ridership and 
cash shares of revenue
Base Case Full service No cash
Fareboxes 0% 100%
Ticket Vending Machines 0% 100%
Share of previous riders able to use system 91.62%
Percentage of Revenue as Cash Handled by Agency 0%
Percentage of Revenue as Retail 0%
Scenario 1 (No cash anywhere, adds retail network) Full service No cash
Fareboxes 0% 100%
Ticket Vending Machines 0% 100%
Share of existing riders able to use system 95.08%
Percentage of Revenue as Cash Handled by Agency 0%
Percentage of Revenue as Retail 7%
Scenario 2 (Cash on board, not at TVMs, no retail) Full service No cash
Fareboxes 100% 0%
Ticket Vending Machines 0% 100%
Share of existing riders able to use system 96.90%
Percentage of Revenue as Cash Handled by Agency 6%
Percentage of Revenue as Retail 0%
Scenario 3 (Cash only at TVMs, no retail) Full service No cash
Fareboxes 0% 100%
Ticket Vending Machines 100% 0%
Share of existing riders able to use system 96.54%
Percentage of Revenue as Cash Handled by Agency 6%
Percentage of Revenue as Retail 0%
Scenario 4 (Cash accepted everywhere) Full service No cash
Fareboxes 100% 0%
Ticket Vending Machines 100% 0%
Share of existing riders able to use system 100%
Percentage of Revenue as Cash Handled by Agency 12%
Percentage of Revenue as Retail 7%
Exact numbers were 
calculated from 
survey data
Totals for 10 year model
Base (No cash 
anywhere)
Scenario 1 (Base 
Case, No cash 
anywhere, Adds 
Retail Network)
Scenario 2 (Cash 
on board, not at 
TVMs)
Scenario 3 (Cash 
only at TVMs)
Scenario 4 (Cash 
accepted 
everywhere)
Annual Boardings 70,863,990 73,540,761 74,949,587 74,667,822 77,344,593
Total Cost $19,124,126 $22,756,422 $30,714,691 $43,978,966 $59,604,422
     /Per Boarding $0.027 $0.031 $0.041 $0.059 $0.077
Total Fare Revenue $1,000,024,644 $1,037,798,935 $1,057,680,141 $1,053,703,900 $1,091,478,190
     /Per Boarding $1.41 $1.41 $1.41 $1.41 $1.41
Net Benefit (Revenue - Cost) $980,900,519 $1,015,042,513 $1,026,965,450 $1,009,724,933 $1,031,873,768
Total Cost $38,812,241 $46,076,833 $56,301,468 $63,099,138 $88,486,373
     /Per Boarding $0.055 $0.063 $0.075 $0.085 $0.114
Total Fare Revenue $1,000,024,644 $1,037,798,935 $1,057,680,141 $1,053,703,900 $1,091,478,190
     /Per Boarding $1.41 $1.41 $1.41 $1.41 $1.41















Total Costs - Portland-
Gresham example
Totals for 10 year model
Scenario 1 (Base 




(Cash on board, 
not at TVMs)
Senario 3





Annual Boardings 2,676,771 4,085,598 3,803,832 6,480,603
Total Cost $3,632,296 $11,590,565 $24,854,841 $40,480,296
     /Per Boarding $0.136 $0.284 $0.653 $0.625
Total Fare Revenue $37,774,291 $57,655,496 $53,679,255 $91,453,546
     /Per Boarding $1.41 $1.41 $1.41 $1.41
Net Benefit (Revenue - Cost) $34,141,994 $46,064,931 $28,824,415 $50,973,250
Total Cost $7,264,593 $17,489,227 $24,286,897 $49,674,132
     /Per Boarding $0.271 $0.428 $0.638 $0.767
Total Fare Revenue $37,774,291 $57,655,496 $53,679,255 $91,453,546
     /Per Boarding $1.41 $1.41 $1.41 $1.41















Marginal change in Costs wrt Base
Base (No cash 
anywhere)
Scenario 1 (Base 
Case, No cash 
anywhere, Adds 
Retail Network)
Scenario 2 (Cash 
on board, not at 
TVMs)
Scenario 3 (Cash 
only at TVMs)
Scenario 4 (Cash 
accepted 
everywhere)
Personal Costs (smartphone, credit card 
requirements, etc.) -1 -1 -1 -1 0
Personal Costs - Significant Racial Disparities? -1 0 0 0 0
Personal Costs - Significant Age Disparities? -2 -1 -1 -1 0
Personal Costs - Significant Income Disparities? -2 -1 -1 -1 0
Personal Costs - Significant Language Disparities? 0 0 0 0 0
Spatial access to purchase/reload (convenience, 
distance, time) -1 -1 0 -1 0
Spatial access to purchase/reload - Significant Racial 
Disparities?
-1 0 0 0 0
Spatial access to purchase/reload - Significant Age 
Disparities?
-1 0 0 0 0
Spatial access to purchase/reload - Significant Income 
Disparities?
0 0 0 0 0
Spatial access to purchase/reload - Significant 
Language Disparities?
0 0 0 0 0
Technological connectivity/literacy required -1 -1 -1 -1 0
Technological Literacy Required - Significant Racial 
Disparities?
0 0 0 0 0
Technological Literacy Required - Significant Age 
Disparities?
-2 -1 -1 -1 0
Technological Literacy Required - Significant Income 
Disparities?
-1 0 0 0 0
Technological Literacy Required - Significant 
Language Disparities?
-1 0 0 0 0
Qualitative assessment of burdens and disparities
Overall
Base (No cash 
anywhere)
Scenario 1 (Base 
Case, No cash 
anywhere, Adds 
Retail Network)
Scenario 2 (Cash 
on board, not at 
TVMs)
Scenario 3 (Cash 
only at TVMs)
Scenario 4 (Cash 
accepted 
everywhere)
General barriers to use/adoption (Average of three 
main scores) -1.0 -1.0 -0.7 -1.0 0.0
Equity Score (Average of all equity scores) -0.9 -0.3 -0.3 -0.3 0.0
Racial Disparities? -0.7 0.0 0.0 0.0 0.0
Age Disparities? -1.7 -0.7 -0.7 -0.7 0.0
Income Disparities? -1.0 -0.3 -0.3 -0.3 0.0
Language Disparities? -0.3 0.0 0.0 0.0 0.0
Overall Average of All Scores -0.9 -0.4 -0.3 -0.4 0.0
Overall average of burdens and disparities
Exploring the three case cities










board, not at 
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Scenario 3 





Denver Annual Boardings 74,013,760 77,873,888 86,265,471 82,405,343 86,265,471
     Cost Per Boarding $0.054 $0.059 $0.073 $0.077 $0.107
     Revenue Per Boarding $0.99 $0.99 $0.99 $0.99 $0.99
Net Benefit (Revenue - Cost) $693,109,208 $725,959,016 $791,778,948 $753,367,579 $762,760,083
Portland-GreshamAnnu l Boardings 70,863,990 73,540,761 74,949,587 74,667,822 77,344,593
     Cost Per Boarding $0.055 $0.063 $0.075 $0.085 $0.114
     Revenue Per Boarding $1.41 $1.41 $1.41 $1.41 $1.41
Net Benefit (Revenue - Cost) $961,212,404 $991,722,102 $1,001,378,673 $990,604,762 $1,002,991,817
Eugene Annual Boardings 6,554,241 8,910,822 10,146,391 8,428,051 10,146,391
     Cost Per Boarding $0.259 $0.196 $0.184 $0.313 $0.282
     Revenue Per Boarding $0.70 $0.70 $0.70 $0.70 $0.70
Net Benefit (Revenue - Cost) $28,904,244 $44,966,705 $52,322,825 $32,626,019 $42,384,888
Comparing total costs (high unit costs) for our three case cities










board, not at 
TVMs)
Scenario 3 





Denver Annual Boardings 74,013,760 77,873,888 86,265,471 82,405,343 86,265,471
     Cost Per Boarding $0.054 $0.059 $0.073 $0.077 $0.107
     Revenue Per Boarding $0.99 $0.99 $0.99 $0.99 $0.99
Net Benefit (Revenue - Cost) $693,109,208 $725,959,016 $791,778,948 $753,367,579 $762,760,083
Portland-GreshamAnnu l Boardings 70,863,990 73,540,761 74,949,587 74,667,822 77,344,593
     Cost Per Boarding $0.055 $0.063 $0.075 $0.085 $0.114
     Revenue Per Boarding $1.41 $1.41 $1.41 $1.41 $1.41
Net Benefit (Revenue - Cost) $961,212,404 $991,722,102 $1,001,378,673 $990,604,762 $1,002,991,817
Eugene Annual Boardings 6,554,241 8,910,822 10,146,391 8,428,051 10,146,391
     Cost Per Boarding $0.259 $0.196 $0.184 $0.313 $0.282
     Revenue Per Boarding $0.70 $0.70 $0.70 $0.70 $0.70
Net Benefit (Revenue - Cost) $28,904,244 $44,966,705 $52,322,825 $32,626,019 $42,384,888
Comparing total costs (high unit costs) for our three case cities
Changes in ridership
Differences in revenues
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Denver Annual Boardings 3,860,128 12,251,711 8,391,583 12,251,711
     Cost Per Boarding $0.140 $0.186 $0.273 $0.422
     Revenue Per Boarding $0.99 $0.99 $0.99 $0.99
Net Benefit (Revenue - Cost) $32,849,808 $98,669,739 $60,258,370 $69,650,875
Portland-GreshamAnnu l Boardings 2,676,771 4,085,598 3,803,832 6,480,603
     Cost Per Boarding $0.271 $0.428 $0.638 $0.767
     Revenue Per Boarding $1.41 $1.41 $1.41 $1.41
Net Benefit (Revenue - Cost) $30,509,698 $40,166,269 $29,392,358 $41,779,414
Eugene Annual Boardings 2,356,581 3,592,150 1,873,809 3,592,150
     Cost Per Boarding $0.019 $0.048 $0.502 $0.325
     Revenue Per Boarding $0.70 $0.70 $0.70 $0.70
Net Benefit (Revenue - Cost) $16,062,461 $23,418,581 $3,721,776 $13,480,645




























General barriers to use/adoption 
(Average of barrier scores) -1.7 -1.7 -1.3 -1.7 0.0 
Equity Score (Average of all equity 
scores) -0.5 -0.3 -0.3 -0.3 0.0 
Racial Disparities? 0.0 0.0 0.0 0.0 0.0 
Age Disparities? -1.3 -0.7 -0.7 -0.7 0.0 
Income Disparities? -0.7 -0.3 -0.3 -0.3 0.0 
Language Disparities? 0.0 0.0 0.0 0.0 0.0 
Overall Average of All Scores -0.7 -0.5 -0.5 -0.5 0.0 
Portland-Gresham           
General barriers to use/adoption 
(Average of barrier scores) -1.0 -1.0 -0.7 -1.0 0.0 
Equity Score (Average of all equity 
scores) -0.9 -0.3 -0.3 -0.3 0.0 
Racial Disparities? -0.7 0.0 0.0 0.0 0.0 
Age Disparities? -1.7 -0.7 -0.7 -0.7 0.0 
Income Disparities? -1.0 -0.3 -0.3 -0.3 0.0 
Language Disparities? -0.3 0.0 0.0 0.0 0.0 
Overall Average of All Scores -0.9 -0.4 -0.3 -0.4 0.0 
Eugene           
General barriers to use/adoption 
(Average of barrier scores) -2.0 -2.0 -1.7 -2.0 0.0 
Equity Score (Average of all equity 
scores) -0.8 -0.3 -0.3 -0.3 0.0 
Racial Disparities? -1.0 -0.3 -0.3 -0.3 0.0 
Age Disparities? -1.3 -0.7 -0.7 -0.7 0.0 
Income Disparities? -0.7 -0.3 -0.3 -0.3 0.0 
Language Disparities? -0.3 0.0 0.0 0.0 0.0 
Overall Average of All Scores -1.1 -0.7 -0.6 -0.7 0.0 
 
Some conclusions
• Larger properties spend less to collect fare
• This impacts the cost/benefit calculation for adding additional capabilities
• Small properties should consider going fare-free (?)
• Retail is a lowest cost option
• Lowest unit cost per rider
• Simple cash collection (scenario 2) on buses could be an important bridge
• Low costs per accommodated rider in all cases
• TVMs much more expensive per accommodated rider in all cases
• When larger numbers of riders are excluded, equity mitigations are cheaper
• Denver and Eugene - larger populations were potentially excluded and adding retail 
capabilities only cost 14 and 1.9 cents/boarding respectively
• These results depend strongly on how many potentially excluded riders will 
potentially use fareboxes vs retail vs TVMs, etc.
Discussion
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